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	 S1	 S2	 Change	
1	 .41	 .49	 .08	
2	 .34	 .70	 .36	
3	 .50	 .71	 .21	
4	 .65	 .62	 -.03	
5	 .65	 .74	 .09	
6	 .22	 .35	 .13	
7	 .68	 .50	 -.18	
8	 .47	 .61	 .14	
9	 .75	 .90	 .15	
10	 .22	 .30	 .08	
11	 .33	 .60	 .27	
12	 .22	 .56	 .34	
13	 .52	 #	 #	
14	 .04	 .29	 .25	
15	 .37	 .33	 -.04	
16	 .58	 .62	 .04	







	 S1	 S2	 Change	
1	 .49	 .30	 -.19	
2	 .56	 .87	 .31	
	 14	
3	 .65	 .75	 .10	
4	 .54	 .53	 -.01	
5	 .60	 .56	 -.04	
6	 .00	 .32	 .32	
7	 .43	 .58	 .15	
8	 .73	 .87	 .14	
9	 .83	 .78	 -.05	
10	 .39	 .49	 .10	
11	 .48	 .60	 .12	
12	 .52	 .55	 .03	
13	 .41	 #	 #	
14	 .53	 .38	 -.15	
15	 .53	 .41	 -.12	
16	 .65	 .56	 -.09	








	 S1	 S2	 Change	
1	 .58	 .66	 .08	
2	 .65	 .86	 .21	
3	 .77	 .93	 .16	
4	 .81	 .83	 .02	
5	 .87	 .92	 .05	
6	 .47	 .55	 .08	
7	 .86	 .92	 .06	
8	 .61	 .48	 -.13	
9	 .80	 .85	 .05	
10	 .42	 .63	 .21	
11	 .73	 .52	 -.21	
12	 .56	 .81	 .25	
13	 .76	 #	 #	
14	 .55	 .52	 -.03	
15	 .65	 .48	 -.17	
16	 .81	 .69	 -.12	











	 S1	 S2	 Change	
1	 .41	 .49	 .08	
3	 .50	 .71	 .21	
5	 .65	 .74	 .09	
7	 .68	 .50	 -.18	
9	 .75	 .90	 .15	
11	 .33	 .60	 .27	
13	 .52	 #	 #	
15	 .37	 .33	 -.04	




	 S1	 S2	 Change	
2	 .34	 .70	 .36	
4	 .65	 .62	 -.03	
6	 .22	 .35	 .13	
8	 .47	 .61	 .14	
10	 .22	 .30	 .08	
12	 .22	 .56	 .34	
14	 .04	 .29	 .25	
16	 .58	 .62	 .04	


















	 S1	 S2	 Change	
1	 .49	 .30	 -.19	
3	 .65	 .75	 .10	
5	 .60	 .56	 -.04	
7	 .43	 .58	 .15	
9	 .83	 .78	 -.05	
11	 .48	 .60	 .12	
13	 .41	 #	 #	
15	 .53	 .41	 -.12	




	 S1	 S2	 Change	
2	 .56	 .87	 .31	
4	 .54	 .53	 -.01	
6	 .00	 .32	 .32	
8	 .73	 .87	 .14	
10	 .39	 .49	 .10	
12	 .52	 .55	 .03	
14	 .53	 .38	 -.15	
16	 .65	 .56	 -.09	



















	 S1	 S2	 Change	
1	 .58	 .66	 .08	
3	 .77	 .93	 .16	
5	 .87	 .92	 .05	
7	 .86	 .92	 .06	
9	 .80	 .85	 .05	
11	 .73	 .52	 -.21	
13	 .76	 #	 #	
15	 .65	 .48	 -.17	




	 S1	 S2	 Change	
2	 .65	 .86	 .21	
4	 .81	 .83	 .02	
6	 .47	 .55	 .08	
8	 .61	 .48	 -.13	
10	 .42	 .63	 .21	
12	 .56	 .81	 .25	
14	 .55	 .52	 -.03	
16	 .81	 .69	 -.12	























	 R1	 R1	 Change	
1	 .32	 .34	 .02	
2	 .49	 .49	 .00	
3	 .55	 .52	 -.03	
4	 .63	 .49	 -.14	
5	 .57	 .63	 .06	
6	 .50	 .41	 -.09	
7	 .44	 .63	 .19	
8	 .73	 .52	 -.21	
9	 .29	 .49	 .20	
10	 .57	 .34	 -.23	
11	 .15	 .68	 .53	
12	 .57	 .49	 -.08	
13	 .56	 #	 #	
14	 .00	 .21	 .21	
15	 .19	 .47	 .28	
16	 .53	 .45	 -.08	








	 R1	 R1	 Change	
1	 .14	 .25	 .11	
2	 .70	 .47	 -.23	
3	 .54	 .48	 -.06	
4	 .59	 .52	 -.07	
5	 .60	 .50	 -.10	
6	 .25	 .45	 .20	
7	 .51	 .54	 .03	
8	 .58	 .37	 -.21	
9	 .45	 .33	 -.12	
10	 .33	 .38	 .05	
11	 .52	 .50	 -.02	
12	 .54	 .38	 -.16	
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13	 .45	 #	 #	
14	 .69	 .32	 -.37	
15	 .52	 .42	 -.10	
16	 .54	 .36	 -.18	








	 R1	 R1	 Change	
1	 .64	 .76	 .12	
2	 .62	 .71	 .09	
3	 .88	 .93	 .05	
4	 .68	 .76	 .08	
5	 .73	 .69	 -.04	
6	 .42	 .68	 .26	
7	 .81	 .84	 .03	
8	 .53	 .48	 -.05	
9	 .47	 .84	 .37	
10	 .81	 .63	 -.18	
11	 .57	 .81	 .24	
12	 .60	 .78	 .18	
13	 .70	 #	 #	
14	 .57	 .63	 .06	
15	 .57	 .55	 -.02	
16	 .75	 .76	 .01	
















	 R1	 R1	 Change	
1	 .32	 .34	 .02	
3	 .55	 .52	 -.03	
5	 .57	 .63	 .06	
7	 .44	 .63	 .19	
9	 .29	 .49	 .20	
11	 .15	 .68	 .53	
13	 .56	 #	 #	
15	 .19	 .47	 .28	





	 R1	 R1	 Change	
2	 .49	 .49	 .00	
4	 .63	 .49	 -.14	
6	 .50	 .41	 -.09	
8	 .73	 .52	 -.21	
10	 .57	 .34	 -.23	
12	 .57	 .49	 -.08	
14	 .00	 .21	 .21	
16	 .53	 .45	 -.08	


















	 R1	 R1	 Change	
1	 .14	 .25	 .11	
3	 .54	 .48	 -.06	
5	 .60	 .50	 -.10	
7	 .51	 .54	 .03	
9	 .45	 .33	 -.12	
11	 .52	 .50	 -.02	
13	 .45	 #	 #	
15	 .52	 .42	 -.10	





	 R1	 R1	 Change	
2	 .70	 .47	 -.23	
4	 .59	 .52	 -.07	
6	 .25	 .45	 .20	
8	 .58	 .37	 -.21	
10	 .33	 .38	 .05	
12	 .54	 .38	 -.16	
14	 .69	 .32	 -.37	
16	 .54	 .36	 -.18	


















	 R1	 R1	 Change	
1	 .64	 .76	 .12	
3	 .88	 .93	 .05	
5	 .73	 .69	 -.04	
7	 .81	 .84	 .03	
9	 .47	 .84	 .37	
11	 .57	 .81	 .24	
13	 .70	 #	 #	
15	 .57	 .55	 -.02	





	 R1	 R1	 Change	
2	 .62	 .71	 .09	
4	 .68	 .76	 .08	
6	 .42	 .68	 .26	
8	 .53	 .48	 -.05	
10	 .81	 .63	 -.18	
12	 .60	 .78	 .18	
14	 .57	 .63	 .06	
16	 .75	 .76	 .01	



















	 	 	 	 	 	 	
Lung	sound	 S1R1	 						95%	CI	 S2R1	 				95%	CI	 Change	
Abnormal	 .37	 .26	 .48	 .34	 .24	 .44	 		-.03	
CrTot	 .39	 .27	 .51	 .34	 .22	 .46	 		-.05	






Intervention	 	 	 	 	 	 	
Lung	Sound	 S1R1	 			95%	CI	 S2R1	 		95%	CI	 Change	
Abnormal	 .37	 .24	 .51	 	.33	 			.21	 .45	 		-.04	
CrTot	 .38	 .22	 .54	 	.28	 	.16	 .40	 		-.10	







	 	 	 	 	 	 	
Lung	Sound	 S1R1	 			95%	CI	 S2R1	 		95%	CI	 Change	
Abnormal	 .38	 .25	 .52	 	.34	 	.21	 .47	 		-.04	
CrTot	 .39	 .26	 .53	 	.43	 	.26	 .59	 		.04	
WhTot	 .53	 .35	 .71	 	.59	 .37	 .81	 		.06	
Table	25	
The	agreement	among	the	observers	regarding	abnormal	is	in	the	fair	level.	The	same	is	
observed	for	the	total	crackle,	except	S2	which	is	in	the	moderate	level.	The	total	wheeze	is	
in	the	moderate	level.	The	alteration	is	negative	for	abnormal,	and	a	little	positive	for	the	
other	two	categories.		
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Discussion	
Methodology	
After	the	surveys	the	observers	reported	things	that	could	have	influenced	the	study	in	
different	ways.	These	are	considered	to	have	had	minor	impact,	but	have	to	be	mentioned:	
Since	the	sounds	were	played	three	times	each,	and	some	observers	used	their	own	words	
to	describe,	tapping	on	the	keyboard	became	a	source	of	disturbance	for	some	observers	
listening	for	the	second	and	third	time.	Some	reported	that	since	the	situation	was	new;	it	
took	a	little	while	to	feel	comfortable	in	R1	of	S1.	The	computer	playing	the	sounds	had	to	be	
restarted	in	the	middle	of	S2,	this	lead	to	a	2	min	unexpected	break.	Observer	13	did	not	
show	up	for	S2,	and	this	left	the	intervention	group	with	7	instead	of	8	observers.		
	
The	visualisation	of	the	lung	sounds	using	a	spectrogram	is	questionable,	since	the	effect	of	
this	is	not	known.	Did	it	work	as	a	remedy	or	was	it	just	a	source	of	confusion,	especially	in	
S1	when	we	did	not	explain	it	to	the	observers.	Some	observers	indeed	reported	that	they	
recognized	the	pattern	at	the	spectrogram,	and	that	way	potentially	took	advantage	of	this	
also	in	S1.		
	
When	playing	the	sounds	we	used	loudspeakers	instead	of	headset,	this	makes	the	listening	
more	different	than	necessary	from	the	regular	way	of	doing	auscultation	in	a	clinical	
situation.	On	the	other	hand,	using	taped	sounds,	secured	that	all	the	observers	heard	the	
same	phenomenon.	In	a	live	setting	with	real	patients	it	would	not	be	possible	for	all	the	
observers	to	listen	at	the	same	time,	and	this	will	create	a	source	of	bias.	Time	will	alter	a	
sound	phenomenon	since	the	patient	is	a	dynamic	source,	a	possible	change	may	be	
disappearing	of	a	wheeze	when	the	patient	has	coughed.	
	
A	factor	regarding	the	sound	material	is	that	the	sounds	could	be	more	or	less	challenging	in	
S2	compared	to	S1.	This	is	difficult	to	measure,	and	has	therefore	not	been	given	attention.	
The	prevalence	of	sound	phenomenons	is	anyway	very	similar	in	the	two	surveys,	and	this	
source	of	variation	is	of	little	importance	when	focusing	on	differences	between	groups.	
	
All	statistical	methods	have	their	weaknesses.	In	kappa	statistics	the	interpretation	of	the	
values	is	a	discussed	problem.	What	level	of	agreement	can	be	accepted?	This	debate	has	
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led	to	the	suggestion	that	kappa	statistics	should	not	be	used	alone	in	medical	research	
measuring	agreement	(16).	In	this	study	.41	has	been	used	as	the	lower	limit	of	acceptable	
agreement.	Recent	literature	suggest	a	more	strict	way	of	interpreting	the	values,	cf.	the	
article	by	L.McHugh	(2012)	(16).	According	to	this	source,	higher	level	of	agreement	is	
important	when	a	study	has	a	potential	for	changing	healthcare	practice.	That	is	not	the	goal	
in	this	study,	and	therefore	it	has	been	considered	acceptable	to	use	.41.	Other	recent	
medical	studies,	for	example	a	radiology	study	exploring	agreement	among	radiologists,	by	
Timmers,	Doorne-Nagtegaal	and	Verbeek	et	al	2011	also	use	.41	when	interpreting	the	
values	(18).	
	
Fleiss	kappa	was	selected	for	testing	interobserver	agreement.	It	is	mentionable	that	the	
study	first	included	Intraclass	Correlation	Coefficient	(ICC)	calculations.	The	method	was	
changed	because	it	is	a	strength	to	keep	within	one	statistical	method	throughout	the	study.	
The	results	indicated	a	difference	of	about	10%,	with	lower	values	using	Fleiss	Kappa.	
	
It	is	questionable	that	some	of	the	lung	sounds	were	analysed	by	Melbye	and	Solis,	since	
they	were	involved	in	the	recording	of	the	sounds	and	the	planning	of	the	study.	It	must	be	
emphasized	that	their	classifications	were	done	before	the	data	from	the	observers	was	
looked	at.	This	secured	that	the	answers	given	by	the	observers	did	not	affect	them.	Only	20	
of	the	80	sounds	were	analysed	by	Melbye	and	Solis,	so	the	influence	on	the	results,	if	any,	
has	probably	been	minor.	
	
Results	
The	study	created	a	massive	amount	of	results.	Working	with	the	results	revealed	a	part	of	
the	task	that	became	very	complex	and	challenging	regarding	the	ability	getting	a	satisfying	
overview.	Therefore	it	was	decided	to	use	the	lumped	(totals)	categories	of	wheezes	and	
crackles	and	to	compare	only	R1	in	each	survey,	even	though	interesting	information	is	not	
to	being	published.		
	
Only	the	mean	values	of	the	agreements	are	commented	on.	Large	variations	between	
observers	could	have	been	given	attention,	but	is	leaved	out	to	limit	the	extent	of	the	task.		
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General	
The	prevalence	of	crackles	in	the	sound	material	is	significantly	higher	than	of	the	wheezes.	
This,	together	with	the	wheezes	being	a	more	pronounced	phenomenon,	could	explain	the	
significantly	higher	level	of	agreement	observed	for	the	wheezes	throughout	the	study.	The	
wheezes,	with	its	musical	appearance,	is	a	characteristic	sound	that	is	probably	more	easy	to	
be	aware	of.	This	is	also	shown	in	other	similar	studies,	where	the	wheezes	are	recognised	
more	accurate	than	for	example	the	crackles	(19,	20).	
An	other	important	factor	is	the	presence	of	background	noise	in	the	sound	material.	
Examples	of	this	is	chest	hair	rubbing	against	the	diaphragm,	heart	sounds	and	bowel	
sounds.	Sound	phenomenons	like	this	are	parts	of	ordinary	chest	auscultations,	but	could	
distract	the	observers	in	a	setting	where	they	don’t	handle	the	stethoscope	by	themselves.		
Intraobserver	agreement	
Crackles	
Taken	into	consideration	the	crackle	being	a	more	challenging	phenomenon	to	recognise,	
the	agreement	for	the	observers	as	a	total	group	is	relatively	strong	compared	to	other	
similar	studies	(19,	20).	The	agreement	in	both	surveys	was	above	.50,	and	in	addition,	
improve	with	.05	from	the	relatively	strong	baseline.		
Wheezes	
Strong	baseline,	with	.68.	The	improvement	to	.71	in	S2,	is	minimal,	but	improvement	from	a	
strong	baseline	is	a	positive	sign.		
Intraobserver	agreement	-	Intervention	versus	control		
Abnormal	
The	improvement	is	better	in	the	control	group,	but	they	had	a	poorer	baseline	compared	to	
the	intervention	group,	this	makes	them	potentially	more	receptive	for	natural	
improvement,	regression	to	the	mean	(15).	The	intervention	group	has	nevertheless	a	better	
agreement	than	the	control	group	in	both	surveys,	clearly	within	acceptable	level.		
Crackles	
A	little	poorer	baseline	for	the	control	group,	showing	a	little	better	improvement.	The	
agreement	is	clearly	within	acceptable	level	in	both	groups	in	both	surveys.		
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Wheezes	
Strong	agreement	in	both	groups,	especially	in	the	intervention	group,	not	far	from	being	
defined	as	“almost	perfect”.	Again,	a	poorer	baseline	for	the	control	group	which	can	explain	
their	improvement	compared	to	no	improvement	for	the	intervention	group.	
Observer	agreement	against	reference	standard		
Abnormal	
Acceptable	agreement	in	both	surveys.		
Crackles	
Acceptable	agreement	in	both	surveys,	but	the	development	is	negative	with	-.05.			
This	can	be	explained	by	variation	by	chance.	
Wheezes	
Relatively	strong	agreement,	especially	in	S2,	with	>.70.	Improvement	of	.07	from	a	strong	
baseline	is	again	a	positive	sign,	but	can	also	be	explained	by	variation	by	chance.		
Observer	agreement	against	reference	standard	-	intervention	versus	control	
Abnormal	
The	intervention	group	is	below	acceptable	level	of	agreement	in	S1,	but	improvement	of	
.16	lead	to	clearly	acceptable	agreement	in	S2.	The	control	group	is	above	acceptable	level	
of	agreement	in	both	surveys,	but	shows	a	negative	development	between	the	surveys	of	-
.07.	The	improvement	in	the	intervention	group	is	significantly	better	than	for	the	control	
group	with	a	p-value	<0.05.	The	baseline	for	the	intervention	groups	is	clearly	poorer	than	
for	the	control	group,	with	.12,	but	the	agreement	in	S2	is	better	than	for	the	control	group	
in	S1.		
Crackles	
Both	groups	are	within	acceptable	level	of	agreement	in	both	surveys,	and	both	show	
negative	development	between	the	surveys,	most	prominent	in	the	control	group,	with	-.12	
compared	to	-.04.	The	baseline	is	a	little	stronger	in	the	control	group	with	.06.	
Wheezes	
The	agreement	in	the	intervention	group	is	strong,	especially	in	S2,	being	close	to	“almost	
perfect”.	Both	surveys	shows	stronger	agreement	than	the	control	group.	It	must	be	
emphasized	that	also	the	control	group	show	relatively	strong	agreement.	In	addition	of	
having	a	stronger	baseline	the	intervention	group	also	improve	more	than	the	control	group	
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between	the	surveys,	with	.10	compared	to	.06.	This	is	a	minor	difference,	but	is	interesting	
since	the	baseline	is	stronger.	
Interobserver	agreement	
The	total	group	have	a	multirater	agreement	that	is	below	acceptable	level	for	abnormal	and	
crackles,	and	clearly	within	acceptable	level	for	wheezes.	The	development	is	also	negative,	
which	counts	for	all	three	categories.	The	intervention	group	draw	a	similar	picture	as	the	
total	group,	but	having	a	little	stronger	baseline	for	wheezes	and	a	poorer	agreement	in	S2	
for	crackles,	with	only	.28.	The	development	is	also	more	negative.	With	-.10	for	crackles	and	
wheezes.	The	control	group	draw	an	opposite	picture	having	an	improvement	between	the	
surveys,	except	for	abnormal	that	is	similar	with	the	intervention	group.	It	must	be	
emphasized	that	the	intervention	group	had	a	significant	higher	baseline	with	.13	for	
wheezes,	compared	to	the	control	group.		
	
The	control	group	showing	improvement	compared	to	negative	development	in	the	
intervention	group,	is	an	interesting	observation	since	the	control	group	did	not	have	any	
training.	The	picture	is	difficult	to	explain	but	may	indicate	that	improvement	is	unevenly	
distributed	among	the	group	members.		
Conclusion	
Regarding	the	intraobserver	agreement	the	observers	as	a	total	group	shows	an	overall	
agreement	clearly	within	acceptable	level.	The	category	with	the	highest	agreement	is	
wheezes,	which	is	expected.	It	is	an	exclusively	positive	improvement	between	the	surveys	
for	all	categories.	
When	looking	at	the	intraobserver	agreement	with	the	observers	in	separate	groups,	the	
same	pattern	is	observed.	The	highest	agreement	is	observed	for	the	intervention	group	in	
the	wheeze	category.	The	poorest	agreement,	which	also	is	below	acceptable	level	(kappa	
value	of	.34)		is	observed	for	the	control	group	in	the	abnormal	category.	Also	here	the	
improvement	is	exclusively	positive	between	the	surveys	in	both	groups.	The	best	
improvement	is	observed	for	the	control	group,	but	they	had	poorer	baseline	from	S1	than	
the	intervention	group.	No	statistically	significant	difference	was	discovered.	The	
intervention	group	overall	clearly	shows	the	highest	agreement.		
Regarding	the	agreement	with	the	reference	standard	the	total	group	shows	an	overall	
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agreement	that	also	is	clearly	within	acceptable	level.	Only	crackles	category	shows	negative	
development	between	the	surveys,	the	other	two	is	positive.	Also	here	wheezes	show	the	
highest	agreement,	with	the	crackles	and	the	abnormal	overall	being	relatively	similar.			
The	agreement	in	the	separate	groups	is	generally	within	acceptable	level	of	agreement.	The	
only	one	being	below	is	abnormal	category	in	S1	in	the	intervention	group	(kappa	value	of	
.38).	For	this	category	the	improvement	in	the	intervention	group	between	the	surveys	
compared	to	the	control	group	is	statistically	significant.	The	wheezes	show	the	highest	
agreement	and	the	crackles	show	negative	development	in	both	groups,	most	prominent	in	
the	control	group.		
	
For	the	interobserver	agreement	the	total	group	show	agreement	below	acceptable	level,	
except	for	the	wheezes	category.	The	intervention	group	has	negative	development	
between	the	surveys,	while	the	control	group	has	positive	development,	except	the	
abnormal	category.	The	negative	development	in	the	intervention	group	is	assumed	to	be	
explained	in	normal	variation,	but	it	is	also	possible	that	the	course	made	them	agree	less	
with	each	other.	
	
The	results	indicate	that	sixth	year	medical	students	at	the	University	of	Tromsø,	the	Arctic	
University	of	Norway	have	highly	acceptable	intraobserver	agreement,	and	the	agreement	
tended	to	improve	in	both	the	intervention	and	the	control	group.	The	agreement	with	the	
reference	standard	was	also	highly	acceptable	for	the	category	wheezes	and	acceptable	for	
crackles	and	the	abnormal	category.	A	tendency	to	positive	change	in	the	intervention	group	
when	compared	to	the	control	group	was	found,	but	the	difference	was	only	statistically	
significant	for	the	abnormal	category	in	the	agreement	against	reference	standard.	The	
interobserver	agreement	did	not	reach	the	limit	of	acceptable,	except	for	wheezes.	
Summarized,	a	weak	effect	of	the	intervention	was	observed	
	
Further	investigation	should	be	tried	without	the	use	of	spectrograms.	A	method	that	
probably	work	out	better	is	the	use	headset	to	avoid	disturbing	background	noise.	The	
training	should	probably	be	different,	for	example	divided	in	several	and	shorter	sessions	
with	spiral	teaching,	and	include	repeated	rating.		
	
1.	 Roguin	A.	Rene	Theophile	Hyacinthe	Laënnec	(1781-1826):	The	Man	Behind	the	Stethoscope.	
Clinical	Medicine	&	Research.	2006;4(3):230-5.	
2.	 Robert	L.	Wilkins	JRD,	Raymond	L.	H.	Murphy	et	al.	Lung	Sound	Nomenclature	Survey.	Chest.	
1990;98(4):886-9.	
3.	 Nick	A.	Francis	HM,	Mark	J.	Kelly	et	al.	Variation	in	family	physicians'	recording	of	
auscultation	abnormalities	in	patients	with	acute	cough	is	not	explained	by	case	mix.	A	study	from	12	
European	networks.	European	Journal	of	General	Practice.	2013;19(2):77-84.	
4.	 Cynthia	D.Mulrow	BLD,	Elizabeth	R.Delong	et	al.	Observer	Variability	in	the	Pulmonary	
Examination.	Journal	of	General	Internal	Medicine.	1986;1(Nov/Dec):364-7.	
5.	 Claude	Lenfant	NKRPea,	editor	Global	Strategy	for	the	Diagnosis,	Management	and	
Prevention	of	Chronic	Obstructive	Pulmonary	Disease:	NHLBI/WHO	Workshop	Report1998:	
NATIONAL	INSTITUTES	OF	HEALTH.	National	Heart,	Lung	and	Blood	Institute.;	2001.	
6.	 Abraham	Bohadana	GI,	Steve	S.	Kraman.	Fundamentals	of	Lung	Auscultation.	The	New	
England	Journal	of	Medicine.	2014;370(8):744-51.	
7.	 Malay	Sarkar	IM,	Narasimhalu	Niranjan	et	al.	.	Auscultation	of	the	respiratory	system.	Annals	
of	Thoracic	Medicine.	2015;10(3):158-68.	
8.	 Melbye	H.	Auscultation	of	the	lungs	-	still	a	useful	examination?	Tidsskiftet	for	Den	norske	
legeforening.	2001;121(4):451-4.	
9.	 J.	Macfarlane	SAL,	R.	Macfarlane	et	al.	.	Contemporary	use	of	antibiotics	in	1089	adults	
presenting	with	acute	lower	respiratory	tract	illness	in	general	practice	in	the	U.K.:	implications	for	
developing	management	guidelines.	Respiratory	Medicine	1997;91(7):427-34.	
10.	 RM	Hopstaken	CB,	JW	Muris	et	al.	.	Do	clinical	findings	in	lower	respiratory	tract	infection	
help	general	practitioners	prescribe	antibiotics	appropriately?	An	observational	cohort	study	in	
general	practice.	Family	Practice	2006;23(2):180-7.	
11.	 Sahgal	N.	Monitoring	and	analysis	of	lung	sounds	remotely.	International	Journal	of	Chronic	
Obstructive	Pulmonary	Disease	2011;6:407-12.	
12.	 Zhang	Kexin	WX,	Han	Fangfang	et	al.	The	detection	of	crackles	based	on	mathematical	
morphology	in	spectrogram	analysis.	Technology	and	Health	Care	2015;23:489-94.	
13.	 3M.	3M	Littmann	StethAssist	Heart	and	Lung	Sound	Visualization	Software	User	Manual	-	
Version	3.	
14.	 Hasse	Melbye	LG-M,	Mark	Everard	et	al.	.	Wheezes,	crackles,	rhonci:	Agreement	among	
members	of	the	ERS	task	force	on	lung	sounds.	European	Respiratory	Journal.	2014;44(58).	
15.	 Sterne	BRKaJAC.	Essential	Medical	Statistics.	2nd	ed:	Blackwell	Science	Ltd;	2003.	
16.	 L.McHugh	M.	Interrater	reliability:	the	kappa	statistics.	Biochem	Med	(Zagreb).	
2012;22(3):276-82.	
17.	 Garrett	AJVaJM.	Understanding	Interobserver	Agreement:	The	Kappa	Statistic.	Family	
Medicine.	2005;37(5):360-3.	
18.	 J.M.H	Timmers	HJvD-N,	A.L.M.	Verbeek	et	al.	.	A	dedicated	BI-RADS	training	programme:	
Effect	on	the	inter-observer	variation	among	screening	radiologists.	European	Journal	of	Radiology.	
2011;81(2012):2184-8.	
19.	 Thomas	DBaJ.	Interrater	Reliability	of	Auscultation	of	Breath	Sounds	Among	Physical	
Therapists.	Journal	of	The	American	Physical	Therapy	Association.	1995;75(12):1082-8.	
20.	 al.	SATWSJe.	Accuracy	and	reliability	of	physiotherapists	in	the	interpretation	of	tape-
recorded	lung	sounds.	Australian	Physiotherapy	1995;41(3):179-84.	
	
